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Ã Ä~Å�Æ]Ç[È:É=Ê6ËTÆ[ÌvÈ�Å

Í X_c[JeE�J�g�Î�DÐÏWE�HKÎ�DQXYRÑDFk�HÒLÐDQÓYG~ÎvÔfJ�DQÓYG~Î&HYÕ[Õ[ghXZHZE,GÖÎ�X9×£XZg�`aHYLÐLQØÙc]J�`�XYRWkvÎhghHKÎ�J�k�XK×�ÎvÔHKghJ
Ú ^WHKLQD³ÎvØZÛTÜ«Î$E�XYRIE�J�R~Î�g,HyÎhJMk/XYRÝHYk�ÕWJ�E8ÎhkÞXY×±k�XK×�ÎvÔHKghJ Ú ^IHKLQDÐÎvØ�Î�GIHKÎ�E�HKRàßWJac]J�ÏIR[J�càHYRIc×£XYgh`�HYLÐDQá�J�c�â_DQH;Õ[g�XZÕWJMgnÎhDÐJ�k�UWJYÛ ÓIÛQUIXZÕWJMghHKÎ�XYg=k�HK×£J1ÎvØ�XYg=`&JM`�XYghØekhHy×£J�ÎvØYÛIÜ«Î,k6ßWHYk�DQEwDFc]J�H
DQk�Î�Xàg�J Ú ^IDÐghJ;E1X]c]J�Õ[ghX_c[^IE1JMghk$Î�XÒÕIg�Xyâ_DFc]Ja×£XYgh`aHKL�ãTä�å�åvæhç�Î�GIHKÎ�ÎhG[J�DQg�E1X]c]J�khHyÎhDQknÏIJ�kÎ�G[J�knJ Ú ^IHKLQDÐÎvØ9Õ[ghXYÕTJ�g�Î�DQJMkMÛ²èGIJ&ÕIg�X_XK×¾kÞk�J�ghâYJ�HYkaé,ê1ä8ë¥ì í±é,îKë«ê1ç&Ô:GIDQE,GÖE�HYRàßTJaE,G[JME,ïZJMcDÐRIc[J�ÕTJ�RIc]JMR~Î�LQØYU�ß_ØðÎ�G[JÒE�X]c]J9E1XZRIkn^I`&JMgaXYgaß_Ø®E�J�g�Î�DÐÏWE�HKÎ�DQXYRñHK^]ÎhG[XYghDÐÎ�DQJMkMU@JYÛ ÓIÛQU#Î�GIJ
i]ò6ò$ÛIÜ«Î�DQkÎhG[JwDFc]JMH&^[RIc[J�ghLÐØ_DQR[Óakn^IE,G�HKÕIÕ[g�X~HYE,G[J�kHYkÕ[ghX_XK×�ótE�HKghghØ~DQR[Ó�E�X]c]J4ô õKö¥Û
Í X_c[J4E1J�g�Î�DÐÏWEMHyÎ�DQXYRÙEMHKRÙßTJ4â_DÐJMÔ±J�cÝHZk�H�`�XYghJaÕ[g,HYE1Î�DFE�HKL�âYJ�g,k�DÐXZRàXY×fÎhghHZc]DÐÎ�DQXYRIHYL

÷�XZHYg�J�ó«knÎvØ_LÐJ/Õ[ghXYÓZghHY`
âYJMg�DÐÏWE�HKÎ�DQXYR�Û[èGIJwÕ[g�XZÕWJMgnÎhDÐJ�kfÎ�X4ßTJwâYJMg�DÐÏIJ�ceHYg�J/×¾HYDÐghLÐØeknDQ`�Õ[LQJ
HKRIcµghJ�ÓY^ILQHYg4knXÖÎhGIHyÎ4DÐÎ;DFk4XK×�ÎhJ�RñÕTXZkhknDQß[LQJ�Î�XÑ^Ik�J9HKRPHY^]Î�XZ`�HKÎ�J�cðÎhG[J�XZg�JM`øÕ[ghXyâYJMg
Î�X�HY^]Î�XZ`aHyÎ�DFE�HYLÐLQØac]DFk�E,GIHYg�ÓZJ�îyù�ù�JM`�J�ghÓYDQR[Ó$Õ[ghX_XK×�XYßILÐDQÓZHKÎ�DQXYRIkMÛZú=kn^IHYLÐLQØYU~G[XyÔfJ�âZJ�g�UKÎ�GIJ
Õ[g�XZÓYg,HK`�`�J�g�`�^IknÎ�knÎ�DQLÐL]k�Õ[LQDQE�JfHY^]û]DÐLQDQHYg�ØÞHKRIR[XKÎ,HyÎ�DQXYRWk±ü¾JYÛ ÓIÛQUMLQX_XYÕ�DQR_âyHKghDQHYRZÎ,khýODÐR~Î�X=Î�GIJ
Õ[g�XZÓYg,HK`þÎ�X&×¾HYE�DÐLQDÐÎhHyÎhJ6ÎhG[JÞÕ[ghX~XY×¾k�Û_i[XZg:E1XY`�Õ[LQJ1û4ÕIg�XZÕWJMgnÎhDÐJ�k±XZg±LFHKghÓYJMg±ÕIg�XZÓYg,HK`ak#ÎhG[DQk
Ú ^IDQE,ï_LQØ�ßTJME�XY`�JMk�Î�G[J�LÐDQ`�D³ÎhDÐR[Ó;×¾HYE1Î�XYg�×£XYg�ÎhG[J�HYÕ[Õ[LQDQEMHKß[DQLQD³ÎvØeXK×@E1^Ig�ghJ�R~Î=E�J�g�Î�DÐÏWE�HKÎ�DQXYRHKÕ[Õ[ghXZHZE,G[JMkMÛ
ÿ ^[g6ÔfXYghïeE�XY`�ß[DÐRIJMk/E1X]c]J�E�J�g�Î�DÐÏWE�HKÎ�DQXYR�Ô:DÐÎ�GÝHK^]ÎhXY`aHyÎhDQE�Õ[g�XZÓYg,HK` knØ_R~Î�G[J�knDFk�ô �Kö

Ô:G[DQE,Gw`aHYïYJMk�D³Î<ÕTXZkhk�DÐß[LQJ�Î�X=HK^]ÎhXY`aHyÎhDQEMHKLQLÐØ=ÓYJ�RIJ�g,HyÎ�J�ßTXKÎhGwÎ�G[J±E1X]c]J�HYRIcÞHKLQLYR[J�E1JMkhkhHKghØ
HKR[R[XYÎhHKÎ�DQXYRIk�×£XYgj×£^[LÐLQØ$HK^[Î�XY`aHKÎ�DFE�E1JMgnÎhD³ÏTE�HyÎhDÐXZR�ÛMdfØ��~ê��²ê1ähîyë¥ì����wc]J�ÎhHYDÐLQJMc$HYR[R[XYÎhHyÎhDÐXZRIkMU
XYR[J:XY×WÎhG[J�ß[DQÓYÓZJMknÎ@XYßIknÎhHZE1LQJMk(×£XYg±E1X]c]J�E1JMgnÎhD³ÏTE�HyÎhDÐXZR�DQk#ghJ�`�XyâZJMc&HKRIc&DÐÎ�ßWJ�E1XZ`&J�k#ÕTXZknó
knDQß[LQJ$Î�XeHK^]ÎhXY`aHyÎhDQEMHKLQLÐØ�E,G[J�E,ï�ÎhGIHyÎÞknØ_R~Î�GIJMk�DÐáMJMc�Õ[ghXYÓZghHY`ak:XYßTJ�Ø�Î�G[J�c]J�knDQg�J�c9khHy×£J1ÎvØ
Õ[g�XZÕWJMgnÎhDÐJ�k�Û
�@ghXYÓYg,HK`Pk�Ø_RZÎhG[JMk�DFk�knØ]knÎ�JM`�k<HKghJ(ßI^[DÐLÐÎ<XZR=ÎhG[J@R[XYÎ�DQXYRÞXK×
	hE1XYghghJME8ÎhR[JMkhknó¥ß_Ø~ó«E�XYRIknÎ�gh^IE1ó

Î�DQXYR��IU�D¥Û JZÛÐU±ÓYJ�RIJ�g,HyÎ�J�cµÕ[g�XZÓYg,HK`ak�HKLQÔfH�Ø]k�DQ`�Õ[LÐJM`�J�R~Î;ÎhG[JÒk�ÕWJ�E1DÐÏWE�HKÎ�DQXYRIk4E�XYghg�J�E8ÎhLÐØZÛ
÷�J�RWE1JYU~âYJMg�DÐ×£Ø_DÐRIÓwÎ�G[J�knJ6Õ[g�XZÓYg,HK`ak#`aH�Ø�knJMJ�`5g�J�c]^[RIc[HYR~ÎMÛ_÷�XyÔfJ�âYJMgMUZH$knØ_R~Î�GIJMk�DQk±knØ]knó
Î�J�` JMRIk�^[g�J�k$XZR[LÐØÝÎhGIHyÎaE1X]c]J;×£ghHYÓY`�J�R~Îhk�HKghJ�HZk�k�J�`�ß[LÐJ�cÙE1XZg�ghJME1Î�LQØàÔ:G[DQLQJ;ÎhG[J4×£g,HKÓYó
`&JMR~ÎhkOÎhG[J�`ak�J�LQâYJ�k<HKghJ#DQRIE1LQ^Ic]J�cwDÐRÞÎhG[J±c[XY`aHKDQRÞÎ�G[JMXYghØ=HYRIc/Î�G_^IkjR[XKÎ(c]DÐghJME1Î�LQØ=âZJ�ghD³ÏWJMc
ß~Ø&ÎhG[J=k�Ø_RZÎhG[JMk�DFk�Õ[ghX_XK×vÛ ÿ ^[gfHYÕ[Õ[ghXZHZE,G�EMHKR4âZJ�ghD³×£Ø&Õ[ghXYÕTJ�g�Î�DQJMk±HKßTXY^]Î±Î�G[J/DÐRWkvÎ,HKR~Î�DFHyÎ�ó
JMcÝE1X]c]J&×£ghHYÓY`�J�R~Î,k�UOHKRWcàk�X�Õ[g�Xyâ_DFc]JMk/HYcIc]D³ÎhDÐXZRIHKL#ÓZ^IHKg,HKR~ÎhJ�JMk/HKßTXY^[Î/ÎhG[J�ÓYJMR[J�g,HyÎhJMc
E1X]c]JYÛ
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:�ý6DQkÞHeE1X]c]J�E1JMgnÎhD³ÏWEMHyÎhDÐXZRÒJ1û_ÎhJ�RIk�DÐXZR9ÎhX;ÎhG[J &�'*)�+�,.-0/21�3
knØ_R~Î�G[J�knDFk�knØ]knÎ�JM`eU#Ô:GIDQE,G®DQk�^Ik�JMcðDÐR®Î�GIJ�knÎhHKÎ�DFkvÎhDQEMHKL:c[HKÎhHÖHKRIHYLÐØ]k�DQk&c]XZ`�HYDÐRjô ;yö¥Û�Ü«Îhk
DÐR[ÕI^]Îek�ÕWJ�E1DÐÏWE�HKÎ�DQXYRñDFk;HÑknÎhHKÎ�DFkvÎhDQEMHKL�`�X]c]J�L¥U�D¥Û JYÛQU�DÐÎec]J�k�E�g�DQßWJ�kaG[XyÔ�Î�G[JàkvÎ,HyÎ�DFknÎ�DFE�HKL
â�HYg�DFHKßILÐJ�k:HKghJ$c]DQknÎ�ghDQß[^]Î�J�c�HKRIc�c[J�ÕTJ�RIc�XZR�JMHYE,G�XYÎ�G[JMg6HKRIc�Ô:GIDQE,G�ÕIHYghHY`&J�Î�JMghkGIH�âZJ
Î�X�ßTJ/JMknÎ�DQ`�HKÎ�J�c�×£XYg±Î�G[J=ÓYDQâYJMRaÎhHZknï²Û &('*)�+�,.-0/2143 k�Ø_RZÎhG[JMk�DQá�JMk±E1X]c]J=ß~Ø�J�û_GWHK^IknÎ�DQâYJZU
LQH�ØZJ�ghJMcaHKÕIÕ[LÐDFE�HKÎ�DQXYR4XY×#ç�é=<Iê�>aî�ç8Û[ò khE,G[JM`�H�E1XZRIknDFknÎhk±XK×<H�E�X]c]J�×£g,HKÓZ`&JMR~Î±Ô:DÐÎ�G;XZÕWJMR
knLQXKÎ,k<HKRWc$H�k�J1ÎjXY×[HKÕ[Õ[LQDFE�HKßIDÐLQD³ÎvØÞE1XZRIc]DÐÎ�DQXYRIkMÛ�èG[J�k�Ø~R~ÎhG[JMk�DQkjknØ]knÎ�JM` ÏWLÐLFkOÎhG[J±k�LÐXYÎhk<Ô:D³ÎhG
E1X]c]J×£g,HKÓY`�JMRZÎ,k�ß_Ø$g�J�E1^[g,k�DÐâZJ�LQØ�E�HYLÐLQDÐRIÓÞkhE,G[JM`�HZk�ÛKèGIJ�E1XYRWc]D³ÎhDÐXZRIk#E1XZRIknÎ�g,HKDQR�G[XyÔ®Î�GIJ
knLQXKÎ,k#E�HKR&ßTJÏILÐLQJMc�?yÎ�G[JMØ$`�^WkvÎ@ßTJ:Õ[ghXyâYJ�R$Î�XwG[XZLQc�×£XYg�ÎhG[J�knÕTJME�D³ÏTE�HyÎhDÐXZR�`�X]c]JML]ßWJ�×£XYghJ
Î�G[JÞk�E,GIJ�`aH$E�HYR4ßTJ/HYÕ[Õ[LQDÐJ�cOÛ[\_XY`�J6XY×OÎ�G[JÞkhE,G[J�`aHYk±E1XZRZÎ,HKDQR;E�HYLÐLFk�Î�X�k�Ø_`�ßTXYLQDQE6J Ú ^IHKóÎ�DQXYR�k�XYLQâYJMghkMU1XYÎ�G[JMghk(E1XZRZÎ,HKDQR$J�R~ÎhDÐghJ±k�ïYJMLÐJ�Î�XYRWk�XK×TkvÎ,HyÎ�DFknÎ�DFE�HKL~XYg(R_^[`�J�ghDQEMHKL~HKLQÓYXYghDÐÎ�G[`akMÛ
d±ØÝghJME1^Ighk�DÐâZJ�LQØ9DQR~âZXYï_DQR[Ó9k�E,GIJ�`aHYk$HYRIcÙE1XZ`�ÕWX~knDQR[Ó�Î�GIJ;ghJMk�^[L³ÎhDÐRIÓ9E1X]c]Ja×£g,HKÓZ`&JMR~ÎhkMU
&('*)�+�,.-0/2143 DQk�HKß[LQJ�Î�XàHK^]ÎhXY`aHyÎhDQEMHKLQLÐØÒk�Ø_R~Î�G[J�knDQá�JaÕ[ghXYÓZghHY`akÞXK×:E1XYRWknDFc]J�g,HKßILÐJak�DÐáMJ
HKRIc�DÐR~ÎhJ�ghRIHKL�E�XY`�Õ[LQJ1û]D³ÎvØàü¾E1^Ig�ghJ�R~Î�LQØ4^[ÕeÎhX@:YU �BACA�LQDÐR[J�kXK×#E1XZ`&`�JMRZÎhJMc ÍED9D E�X_c[J�ý8Û

forall I : int &
  asize(mu) = N 
 and ...

Safety
policy

Domain
theory

Mops Verification CG

E-SETHEO

input specification

annotated Modula-2 code

first order logic

x ~ N(mu,sigma)
max pr(x | mu..

Annotation Propagation

AutoBayes
Synthesis System

FOR i:=1 TO N 
  mu[i] := ...
(* POST ...

F�GIHKJML0J4NPO oRQTS$U$V�W#XZY4[B\^]C_T_Ñ�a`Y�«svo,u q�rv� O � svo,��sv}Zrvo

òfÎeÎhG[JÙE1XZg�JÝXK×�Î�G[J Í:Í ó«J1û_Î�JMRIknDQXYR LÐDQJb	�E�J�g�Î�DÐÏWE�HKÎ�DQXYR HY^[ÓY`�JMRZÎ,HyÎhDÐXZRIkc�ÑÎ�XµÎ�GIJ
&('*)�+�,.-0/2143 ótk�E,GIJ�`aHYkd?]Î�GIJMk�J�HK^IÓY`�J�R~ÎhHKÎ�DQXYRIk6HKghJ�k�E,GIJ�`aHyÎhDQE$÷6XZHYg�J�ó«knÎvØ_LÐJ$E�X_c[J�HKR[ó
R[XKÎ,HyÎ�DQXYRWk(Î�GIHKÎ±c]JMkhE1ghDQßWJG[XyÔ®Î�G[J�khE,G[JM`�HKó¥ÓZJ�R[JMghHKÎ�J�c�E1X]c]J:LQX]E�HYLÐLQØ�HZe²JME1Îhk#ÕIg�XZÕWJMgnÎhDÐJ�k
XK×�DÐR~Î�JMg�J�kvÎÎhXaXY^[g�khHy×£J�ÎvØ4ÕWXZLÐDFE1Øàü¾E1^Ig�ghJ�R~Î�LQØ4`�J�`�XZg�Ø;HYRIceXYÕTJ�g,HyÎhXYg:k�HK×£J1ÎvØ[ý8Û[iIXYg�J�û_ó
HK`�Õ[LQJYU�HeLÐX_XZÕÒDFkwHKR[R[XYÎhHKÎ�JMcÒÔ:D³ÎhGÙH�khE,G[J�`aHKÎ�DFE�DQR_âyHKghDQHYRZÎwHKRWcàkhE,G[J�`aHKÎ�DFE�Õ[ghJ1ó�HYRIc
ÕWX~kvÎ,E1XYRWc]D³ÎhDÐXZRIk&c]JMkhE1ghDÐßIDÐR[ÓàG[XyÔ�D³Î,k&ßWX]c]ØÑE,GIHYR[ÓYJ�kwÎhG[J�âyHYg�DFHKß[LQJMk�XK×:ÎhG[J�ÕIg�XZÓYg,HK`�Û
f6^[ghDQR[Óek�Ø_R~Î�G[J�knDFk�UTÎhG[J&HYR[R[XYÎhHyÎhDÐXZRIk/HKghJ�DQRIknÎhHKR~ÎhDQHKÎ�JMcÒDÐRàÕIHKg,HKLQLQJ�L(Ô:D³ÎhGÒÎhG[J�XYghDÐÓZDÐRIHYL
k�E,G[JM`aHYkMÛIèG[J�c[XY`aHKDQR�ï_R[XyÔ:LÐJ�c]ÓYJwJMRIE1X]c]J�c�DQR�JMHYE,G9khE,G[JM`�H�DFk/c]J1Î,HKDQLÐJ�c�J�R[XZ^[ÓYG�ÎhX
Õ[g�Xyâ_DFc]JHKLQL]DÐR]×£XZg�`aHKÎ�DQXYR�ghJ Ú ^[DQghJMcw×£XZg�Î�G[J:DQRIknÎhHYRZÎhDQHKÎ�DQXYR�ÛyèG[J�knJ:HYR[R[XKÎ,HyÎhDÐXZRIk�HKghJfHYLQk�X^IknJ�c�Î�X�ÕIHKg�Î�DÐÎ�DQXYR�Î�GIJ$k�HK×£J1ÎvØ4Õ[ghX_XK×¾kDQR~Î�Xakn`aHYLÐL¥UIHK^[Î�XY`aHKÎ�DFE�HKLQLQØaÕ[g�XyâyHYß[LÐJÞk�J�ÓY`�JMRZÎ,k�Û
ú�R]×£XZgnÎh^[RIHyÎhJ�LQØYU²ÎhG[JMk�J4k�E,GIJ�`aHyó«LÐX]EMHKL#HKR[RIXKÎhHKÎ�DQXYRIkÞHYg�J�DQRÝÓZJ�R[JMghHYL�DÐRIk�^$g4E1DQJ�R~ÎwÎhX

Õ[g�XyâZJ:Î�GIJ=ÕTXZknÎhE�XYRIc]DÐÎ�DQXYRWk±HKÎ�Î�GIJ=JMRIc4XY×<g�J�E1^[g,k�DÐâZJ�LQØ�E1XZ`�ÕWX~knJ�c�×£ghHYÓY`�J�R~Î,kih HKR 	�DÐR[ó
R[J�gj�;LQX_XYÕ]ó«DQR~âyHYg�DFHKR~Î=`aH�Ø�R[XYÎwßWJ4H�ÔHKghJ�XY×±Õ[ghX_XK×�XZß[LÐDQÓZHKÎ�DQXYRIk=ÎhGIHyÎ$HKghJ&g�JMLÐJMâ�HYR~Î=ÎhX



HKRk	nXZ^]Î�JMg=��LQX_XYÕ]ó«DQR~âyHYg�DFHKR~ÎMÛ &�'*)�+�,.-0/21�3 XyâYJMghE�XY`�JMk±Î�GIDQk=Õ[ghXYß[LQJ�`�ß~Ø;ãTähåhãIîl�~îyë¥ì����
HKR_Øà^IRIE,GIHKRIÓYJMcÖDQR]×£XZg�`aHyÎhDÐXZRÖÎ�G[ghXY^IÓYGÖÎ�GIJ�HKRIR[XKÎ,HyÎ�DQXYRWk�Ûj\]DÐRIE�J;Õ[ghXYÓZghHY` k�Ø_RZÎhG[JMk�DFk
g�J�kvÎhg�DFE8Î,k�HKLQDFHYk�DÐR[ÓÞÎhX$×£JMÔwUZï_R[XyÔ:RaÕ[LFHYE�JMkMUYÎhJMknÎ�DQR[Ó�Ô:GIDQE,G4knÎhHKÎ�J�`�JMRZÎ,k�DQR$mI^IJ�RIE�J6Ô:G[DFE,G
HKR[R[XYÎhHKÎ�DQXYRIkÞE�HYRÒßTJaHYE�E�XY`�Õ[LQDQk�G[J�cÒJ�HYk�DÐLQØ�Ô:D³ÎhG[XY^[Î/×£^ILÐL@knÎhHKÎ�DFE&HYRIHKLQØ]knDFk/XK×@ÎhG[J4k�Ø~R[ó
Î�G[J�knDQá�J�c�ÕIg�XZÓYg,HK`�Û
ò6kfH$R[J�û~ÎkvÎhJ�Õ�U~ÎhG[J/k�Ø_R~Î�G[J�knDQá�J�caHKR[R[XYÎhHKÎ�JMc;E1X]c]J6DFk±Õ[g�X]E�JMkhknJ�caß_Ø�H$âYJ�ghDÐÏWE�HKÎ�DQXYR

E1XYRWc]D³ÎhDÐXZR�ÓZJ�R[JMghHKÎ�XZgfüon Íqp ý8ÛY÷6J�ghJfÔfJ^Ik�J±ÎhG[JEn Íqp XY×WÎhG[J.rÒådsut]ùÐî.vä�åZw�ì�����x4y�ç8ëtê�>
z +2{�3 ô |yö«U<H�÷�X~HKghJ1ótE�HYLQE�^[LÐ^WkÞßIHYk�JMcÝâYJMg�DÐÏWEMHyÎ�DQXYRÖk�Ø_knÎ�JM` ×£XZg�H�LQHYg�ÓZJ4kn^IßIknJ�Î$XK×Î�GIJ
Õ[g�XZÓYg,HK`�`�DÐRIÓÒLFHKR[ÓZ^IHKÓZJ�C�X]c]^[LFHyó};]U�~4DÐRIE�LÐ^Wc]DÐRIÓÙÕWXZDÐR~Î�JMghkMU#HKghghH�Ø]kMUjHYRIcðXYÎ�G[JMgac[HyÎ,H
kvÎhg�^IE1Î�^[ghJMkMÛ4z +2{�3 ^Ik�JMk:H�k�^[ßIk�J1Î:XK×�n�f/C�óv\$�ÙHYkDÐÎhk:k�ÕWJ�E1DÐÏWE�HKÎ�DQXYReLQHYR[ÓY^WHKÓYJB?~Î�G[DFkDQk
DÐR~Î�JMg�ÕIg�J�Î�JMc�G[JMg�JÞXYRILÐØ;HZk:knØ_R~ÎhHZE8ÎhDQEÞk�^[ÓZHYg±×£XZg6E1LFHYkhk�DQEMHKLTÏIg,kvÎ�ó¥XZghc]JMg±LQXYÓZDQEYÛ
èG[J6Õ[ghX_XK×�XZß[LÐDQÓZHKÎ�DQXYRIk@ÓYJ�RIJ�g,HyÎ�J�c�ß_Ø�z +�{43 HYg�J�Î�G[JMR4×£JMcàü¾HK×�Î�J�gHK^[Î�XY`aHKÎ�DFE6k�Ø~R[ó

ÎhHYE1Î�DFE�ÎhghHYRIkn×£XYgh`�HKÎ�DQXYR4HYRIc;HZc[c]DÐÎ�DQXYR;XY×jc]XZ`�HYDÐReHyû]DQXY`akhý@DÐR~ÎhX�ÎhG[J/HY^]Î�XZ`aHyÎ�J�c�Î�GIJ�XKó
g�JM`
Õ[ghXyâYJ�gq�#ó=� 1$)*��14+ U[âZJ�g,knDQXYR;EMknÕ4A8:aô�:�ö¥Û8�@óc� 1$)*��1�+ DQk:H�E�XY`�ÕWX~knDÐÎ�DQXYRWHKL²Î�GIJ�XYghJ�`
Õ[g�XyâZJ�g(×£XYg�×£XYgh`�^[LFHYk�DQR�ÏIg,kvÎ�ó¥XZghc[J�g�LÐXZÓYDFEKUYE�XY`�ß[DÐRIDÐR[ÓÞÎhG[J6k�Ø]kvÎhJ�`ak��Pô �yöWHYRIc�� 1$)*��1�+
ô �yö¥Û�èG[JaDQRIc]DQâ_DQc[^IHKL@k�^[ßIk�Ø]kvÎhJ�`akwHKghJ�ßIHYk�JMcàXYRàÎ�G[J4k�^[ÕTJ�ghÕWX~knDÐÎ�DQXYR<UO`&X]c]JML#J�LQDÐ`�DQRIHyó
Î�DQXYR�U�HYRIcµknJM`�HYR~Î�DFE;Îhg�JMJ�E�HKLFE1^ILÐD¥Û�f=J�ÕTJ�RIc]DQR[ÓÙXZRµk�Ø_RZÎ,HYE1Î�DFEeE,GWHKg,HYE8ÎhJ�ghDQknÎ�DFE�k�XK×/Î�GIJ
DÐR[ÕI^]Î@×£XYgh`�^ILQHIUKHKR�XYÕ]ÎhDÐ`aHYLIk�E,GIJMc]^[LQJf×£XYg@J�HYE,G&XK×TÎ�G[J�c[D�e²J�ghJ�R~Î±knÎ�g,HyÎhJ�ÓYDQJMk(DFk@k�J�LQJME8ÎhJMcOÛ
d±J�E�HY^IknJ$HYLÐL<XK×(Î�G[J�k�^[ßIk�Ø]kvÎhJ�`ak:ÔfXYghï4XYR�×£XZg�`�^[LFHYkDQR9E1LFHK^IkhHKLOR[XZg�`aHYLO×£XYgh` ü ÍT� i#ý8U
Î�G[JÞÏIg,knÎnó«XYg,c]J�gf×£XYgh`�^ILQH�DQk6E1XYR_âZJ�g�Î�JMc;DÐR~ÎhX ÍT� iÑ^Ik�DQR[Ó�Î�G[Jw`�X]c]^[LQJwi(LÐXYÎnÎ�JMg�ô�:dAyö«Û

� ������Ç]Æ[Ìi�ÞË��(Æ]ÌnÈ�Å����E�
%������
NàJ=DÐLQLÐ^WkvÎhghHKÎ�J:ÎhG[J6XZÕWJMghHKÎ�DQXYR�XK×�XZ^[g±k�Ø]kvÎhJ�`5XYR4H$knÎhHYRIc[HKg,cac[HKÎhH$HYRIHKLQØ]knDFk�ÎhHZknï��~E1LFHYknó
knDÐ×£ØwR[XYgh`aHKLQLÐØaü p HK^IkhknDFHKRTý�c]DFkvÎhg�DQß[^]ÎhJMc�c[HyÎ,H�×£ghXY` H=`&DÐû_Î�^[ghJ�XY×Wk�XY^[g,E1J�k�ü£JZÛ ÓWÛÐU�Õ[GIXKÎ�XZR
J�R[JMg�ÓZØaLÐJMâYJ�LFk±DÐR�H�knÕTJME1Î�gh^[`4ý8Û[ò kvÎhghHYDÐÓZG~În×£XYghÔHKg,c�:M�yó«LÐDQR[JÞknÕTJME�D³ÏTE�HyÎhDÐXZR;DFk:kn^8gaE�DÐJMR~Î
Î�X�c]J�k�E�g�DQßTJ:Î�G[J=Õ[ghXYß[LQJ�`5DÐR4c[XY`aHKDQR]ótknÕTJME�D³ÏWE:Î�J�gh`ak�Û~èG[J6k�Ø_RZÎhG[JMk�DQá�JMc�ÕIg�XZÓYg,HK` ^Ik�JMk
HKRÑDÐÎ�JMghHKÎ�DQâYJ��±CBü£J�û]ÕWJ�E8ÎhHKÎ�DQXYR®`�HKû]DÐ`�DQáMHyÎhDÐXZRWý$HYLÐÓZXYghD³ÎhG[` HKRIcðE1XYRWknDFkvÎ,k�XY×�g�XZ^[ÓYG[ó
LÐØ�|C�BA�LÐDQR[J�k�XY×:E�X]c]JYUP�CA�XY×:Ô:G[DQE,G®HKghJ;HK^]ÎhXKó«ÓYJMR[J�g,HyÎhJMcÝE1XY`�`�J�R~Î,k$ÎhX9J1û]Õ[LFHKDQRÙÎ�GIJ
E1X]c]JYÛ#iIXYg�c]J1Î,HKDQLQk�k�J�J��$�0���q �¡0¡�¢�£C¤�¥�¢B¦K§P¥©¨�¢8£C¢�¥aª8«u¬�¡$£0§M��C®4¢C¨0¨�¡u¯B$�0«C°�¢C±$¤8£u²0²�HYRIc
ô ;yö¥Û#èG[J�E1X]c]JeDFk&HYR[R[XYÎhHyÎhJMcÑÎ�XÖÕ[ghXyâYJ;c]DQâ_DQk�DQXYR]ó«ß_ØZó«á�JMg�XàHKRIcµHKghghH�Ø~ó«ßWXZ^[RIc[k�k�HK×£J1ÎvØYÛ
NPD³ÎhGeHYLÐL²HKR[RIXKÎhHKÎ�DQXYRIk/ü£DQRIE�LÐ^Ic[DÐR[Ó�Î�GIJ=Õ[ghXYÕWHKÓZHKÎ�J�caHKR[R[XYÎhHKÎ�DQXYRIk,ý8UZÎ�G[JÞE1X]c]J=ÓYghXyÔ�k#ÎhX
;]UI:C:Mõ/LQDÐRIJMk}hPH$E�LÐJ�HKg@DQRIc]DFE�HKÎ�DQXYR�ÎhGIHyÎ�`aHYR~^WHKLIHYR[R[XKÎ,HyÎhDÐXZR&DFk@XZ^]Î�XY× Ú ^[J�kvÎhDÐXZR�ÛZiIXYg�HYRJ1û[E1JMg�Õ]Î:XY×jÎhG[J$E1X]c]Jwk�J�Jwi(DÐÓZ^[g�J(;[Û
èG[J�z +�{�3 âYJMg�DÐÏWEMHyÎ�DQXYR E�XYRIc[D³ÎhDÐXZR ÓYJMR[J�g,HyÎhXYgaÎ,HKïYJ�kaÎhG[DQkeHKRIR[XKÎ,HyÎ�J�c E1X]c]JÒÏILQJ

HKRIc�Õ[ghX_c[^IE1J�k:õC��Õ[g�X_XY×<ÎhHZknï]kfDQR�ÏWghknÎnó«XYg,c]J�gfLQXYÓYDFEKÛ_ÜtR[DÐÎ�DFHKLQLQØYU��@óc� 18)���1�+ E1XY^ILQceknXZLÐâZJ
õB��XY×�Î�GIJ�õB��Î,HYk�ï_k�HY^]Î�XZ`�HKÎ�DFE�HYLÐLQØYÛ�èG[Jeg�JM`�HYDÐRIDÐR[ÓÒ×£XY^[g�Õ[ghX_XK×�Î,HYk�ï]k�ÔfJ�ghJ;XY×6Î�GIJ
ÓYJ�RIJ�g,HKLj×£XYgh`´³�µ�¶·³¸¶@¹»º¼³R½$¶�¾ Ô:G[JMg�J¿³�µ2Àc³(À=³R½©Àc¹ÁÀ=¾*HKghJ�âyHKghDQHYß[LQJ1ótc]DQkoÂvXYDQR~Î
ÏIghknÎnó«XYg,c]JMg×£XYgh`�^[LFHYkMÛWèG[DFk:×£XZg�` DFk6H4E�XYRIk�J Ú ^[JMRIE1JwXY×#Î�G[JwÎ,HYk�ï�ÓZJ�R[JMghHKÎ�DQXYR�Õ[ghX]E1JMkhkd�³�µÑghJ�Õ[ghJMk�J�R~Î,kÞÎ�G[J�c]XY`aHKDQRÙHyû]DQXY`ak�U�³*HKRIc�³�½�HKghJaÕ[ghXYÕIHYÓZHKÎ�JMcÝHKRIR[XKÎ,HyÎ�DQXYRWk�U�HYRIc
¹ÃºÄ¾ñDFk�ÎhG[J�	�Õ[g�XZÕWJMg=��Õ[g�X_XY×_XZß[LQDÐÓ~HyÎ�DQXYRwDÐÎhk�J�LÐ×vÛ�ÜtR$XYg,c]JMg�Î�X=g�J�c]^IE�J@Î�GIJ@×£XYgh`�^ILQH�k�DQá�JYU
H:Õ[ghJ�Õ[ghX]E1JMkhk�DÐR[Ó:khE1ghDÐÕ[Î<ÔfHZkO^Ik�JMc/ÎhX=k�Õ[LÐDÐÎ<J�HYE,GwXK×_ÎhG[JMk�J@Õ[ghX_XK×_ÎhHZknï]kODQR~Î�X:ÎvÔfX�knJMÕIHKg,HyÎhJ
ÎhHYk�ï]k�UZRIHK`�JMLÐØ¿³�µ�¶(³@¶�¹ÅºÆ³�½WHYRIcÇ³�µ�¶�³È¶�¹ÅºÉ¾Ê?YÎhG[JMk�J6ÔfJ�ghJÎ�G[JMR4Õ[ghX]E1JMkhk�JMc
Ë
Ì o;o=ÍKsvo,x_�Yo8� QTS$U$V�W#XZY4[B\�svz9��ohx~ohrnq1svo�s O oe�&zK�Z}Z�³qlÎ©Ï9�hzK�Zo�� � �t}_qM���Ð`y��QTS$U$V�W#XZY4[C\�a`YxKs O o,�t��Ñ,o,�±|#¬�|
ÒEÒñpYrvz��Mrnq�uw�#{FzMr��q�sv�³qlÓaqMx~�ÇÔf�hsnq8��oÖÕF�Z×M×MØ�ÙaÚ6Ú1�����<¡«Á��l×K�MÂy�²¡«ÁM½�¿uÛ��



knJMÕIHKg,HyÎhJ�LQØ�HKRWc�Õ[ghXyâYJ�R�HY^]Î�XZ`�HKÎ�DFE�HYLÐLQØ�ß_ØÈ�#ó=� 1$)*��1�+ ÛTò�×�Î�JMgÞE�XYR_âYJMghk�DQXYReDÐR~Î�X ÍT� i
Î�G[J;×£XYgh`�^[LFHYk�GIHYcÖXZRÑH�âYJ�g,HKÓZJÈ:d|8:4E�LQHY^Ik�JMk;ü¾ßWJ�ÎvÔ±JMJ�RÜ:B:M;�HYRIck:MõZõZý�?�g�XZ^[ÓYGILÐØÝGIHKLÐ×
XK×�ÎhG[JwE1LFHK^Ik�JMk±Ô±JMg�J/R[XZR]ó«÷6XYghR�Û_èG[J6ÎhJ�gh`ak±GWHYc;H&k�Ø~R~Î,HYE8ÎhDQEMHKLQLÐØ�ghDQE,GekvÎhg�^WE8Î�^Ig�J=Ô:D³ÎhG
HKRÙH�âYJMghHYÓYJ&R~^I`�ßTJ�g$XY×E�8:�×£^[RIE8ÎhDÐXZRÑknØ_`�ßWXZLQk$HYRIc�|C��E�XYRIknÎhHYRZÎ$k�Ø_`�ßTXYLFk�Û�� Ú ^IHKLQD³ÎvØHKRIc&ghJ�LFHyÎ�DQXYRWHKL]XYÕTJ�g,HyÎhXYg,k(Ô±JMg�JfÎ�GIJ:XYR[LQØ�Õ[ghJMc[DQEMHyÎ�J:k�Ø_`�ßTXYLFk#DÐR&ÎhG[J:XYghDÐÓZDÐRWHKL_×£XYgh`�^ILQH�?
HYc[c]DÐÎ�DQXYRWHKL(Õ[g�J�c]DFE�HyÎhJ�k�Ø_`�ßTXYLFk6ÔfJ�ghJ�DQR~Î�ghX_c[^IE1J�c�ß_Ø9ijLQXKÎ�Î�JMg/c]^Ig�DQR[Ó4ÎhG[J�E1XYR_âZJ�g,knDQXYR
DÐR~Î�X ÍT� ifÛ�f6J�knÕID³ÎhJ�Î�G[J9k�DÐáMJ�XK×/Î�G[J�×£XZg�`�^[LFHÝHYRIcðÎ�G[JMDÐg;k�Ø_R~ÎhHYE1Î�DFEeg�DFE,G[R[J�k�kMU#`�XZknÎ
XK×fÎ�G[J�Õ[ghX_XK×¾kÞÔfJ�ghJ&ghJ�LFHyÎhDÐâZJ�LQØ9knGIXYg�ÎwHYRIcàÔ±JMg�J�ßIHZknDFE�HYLÐLQØ�×£XY^[RWcàß_Ø9XZR[LQØ�ÎvÔ±X�XY×q�@ó
� 1$)*��1�+�Ý k�kvÎhghHKÎ�J�ÓZDÐJ�k�U²RIHY`�J�LQØÒ^Ik�DÐRIÓ�ÎhG[JÁ�@ó¥Õ[ghXyâYJMgMU²HKRWcàHYRÝDÐÎ�JMghHKÎ�DQâYJaE1XZ`�ß[DQRIHKÎ�DQXYR
XK×(Î�G[J(�@ó¥Õ[ghXyâYJMg±HYRIc�k�E,G[JM`�J1óv\$��è:÷�� ÿ Û
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F�GIH4J %�J'&)(+*
, �jocÍZ�hohrvpZs/zM{:q�x~xZzMsnq�svo,�Ò�,zK�Yo&pYrvzK�Z}~�ho8� ÓZ` Q#S8U0V4W�XuY4[C\�]u_q_:�<ª�x~xZzMsnq�sv��zMx~�q1rvo±ohx~�,��z��to,����x.-0/�1T¡�¡�¡32"/"4��6587:9<; , �K�Y�³�«strv��ÓZ}Zsv��z�x$zM{W�*Î3=$[uU?>8[CV&pZrvzyz�{Wsv��uwo,�#ÕA@P�tzM����o8�wz1��ohrrv}Zxysv�³uwo±��x��to,�,zMx_�Z��Û��

ijDQÓIÛ*;ak�G[XyÔ�k:ÎhG[J&g�^[R~ÎhDÐ`�J�c[DQknÎ�ghDÐßI^]Î�DQXYR�×£XZg�ÎhG[J�ÕIg�X_XK×�Î,HYk�ï_kMÛ B�C�X~kvÎ=ÎhHYk�ï]k�ÔfJ�ghJ
knXZLÐâZJMc&DÐR4HYßWXZ^]Î@ÎvÔfXÞÎ�XwÎhG[ghJ�J�k�JME1XZRIc[kMUYß[^[Î±knXZ`�JÎhHYk�ï]k�Î�X_XZï�^[Õ�ÎhX ;uAwk�JME�XYRIcIk�ÛYèGIJ
kn`aHKLQLQJ�gknJ�E1XYRWcaÕWJ�HKï�â_DQk�DQß[LÐJÞHKghXY^IRIcÈ:M��knJ�E1XYRWc[k�DFkc]^[J=Î�X&H$R[XZR]ó¥XZÕ]Î�DQ`aHKL²k�E,GIJMc]^[LQJYÛ
NàJ@J�û]ÕWJ�E8Î�ÎhGIHyÎjH�g�J�óÀÎhghHYDÐR[DQR[ÓXK×$�#ó=� 1$)*��14+
Ý kODQRZÎhJ�ghRIHKLZk�E,G[J�c]^[LQJ�g<E�XY^[LFcÞG[JMLÐÕÞÎhX6H�âYXZDQc
kn^IE,G;LÐXZR[Ó$gh^[R~Î�DQ`&J�k=üÀE8×vÛ²ô �Kö�ý1Û~èGIJ6XyâYJMghHYLÐLIÕ[g�X_XY×OÎ�DQ`&J=XK×�|�;u|$k�JME�XYRIc[k�DÐRWc]DQEMHyÎhJMk�Î�GIHKÎ
XY^[g�HYÕ[Õ[ghXZHYE,G�DQkf×£J�HYk�DÐßILÐJZÛ
ÜtR;XYg,c]JMg�ÎhX�E�XY`�ÕIHYg�J=XY^[gHKÕ[ÕIg�X~HYE,GaÎhX&E�J�g�Î�DÐÏWE�HKÎ�DQXYR4ÎhJME,G[RID Ú ^[J�k±ßWHYk�JMc4XZR�knÎhHKÎ�DFEHKRIHYLÐØ]k�DQkMUYÔfJ6HKRWHKLQØ~áMJMc&ÎhG[J6J Ú ^IDÐâyHKLQJ�R~Î Í ó¥âZJ�g,knDQXYR&XK×�XZ^[g�J�û]HY`�Õ[LÐJ=Õ[ghXYÓYg,HK`"Ô:D³ÎhG4Î�GIJE1XY`�`�J�g,E1DFHKL�Î�X_XYL���XYLQØ]\]ÕIHYE�J4ô C�ö¥ÛK��XYLQØ]\]ÕIHYE�J/ÔHYk6E�HKÕWHKß[LQJ$XK×@c]J�E1LFHKghDÐRIÓa`&X~kvÎ=XK×#Î�GIJ

E1X]c]Jak�HK×£J�Ô:DÐÎ�GÖghJMk�ÕWJ�E8Î/Î�X�`�J�`�XYghØED�XZÕWJMghHKÎ�XYg/k�HK×£J1ÎvØZÛ²÷6XyÔ±JMâYJMgMUTD³Î$E�XY^[LFcÒRIXKÎ$E1LQJMHYg
knJMâYJ�g,HKL²E1gh^IE�DQHYLWÕIHYgnÎ,kfXK×�ÎhG[JwE1X]c]JYU_`�XZknÎ:R[XKÎ,HKß[LQØ�Î�GIJ=R[J�kvÎhJMc�DÐRWc]J1û]DQR[ÓeüGF�HJILK�§8H3INMNMTU
knJMJaLÐDQR[J���DQRÑi(DÐÓWÛ�;ZýÞHKRIcÝÎhG[J4DQR[D³ÎhDQHYLÐDQáMHKÎ�DQXYRÙXY×:k�XY`�JaâyHKghDFHKß[LQJMkÞDQRÖÎ�G[J�`aHKDQRÝLQX_XYÕ�Û
ÜtR�ÎhG[JMk�JwE�HZknJ�k�U[E�J�g�Î�DÐÏWE�HKÎ�DQXYReg�J Ú ^IDÐghJMkHKRIR[XKÎ,HyÎ�DQXYReÕ[ghXYÕIHYÓZHKÎ�DQXYR;HZkD³Î�DFk�c]XZR[JÞDÐR�XY^IgÔ±XZg�ï�?���XZLÐØ]k�ÕIHYE�J�c[X~J�kwR[XYÎ�g�J Ú ^[DÐghJaXYg�kn^[ÕIÕWXZgnÎ�HYR[R[XYÎhHyÎhDÐXZRIkMÛ ÿ RÖÎ�G[J�XKÎhG[J�g$GWHKRIcOU
��XYLQØ]\]ÕIHYE�J�c]J�Î�JME1Î�J�cµHàÕTXZkhknDQß[LQJeDQR~Î�JMÓYJ�g�XyâZJ�gcmIXyÔ J�ghg�XZg�XY×/HÝLQX~XZÕ®E�XY^[R~Î�JMg�DÐRµÎ�GIJ
knØ_R~Î�G[J�knDQá�J�cðE�X_c[JYU#knXZ`�J1Î�GIDÐR[ÓÒÎ�GIHKÎaXY^[g�k�HK×£J1ÎvØÖÕTXYLQDQE�ØÑc]X_JMk&R[XKÎ�ü£ØZJ1Î8ý�E,GIJME,ï²Û(èGIJ
g�^[R~ÎhDÐ`�J�XY×*��XZLÐØ[\_ÕWHYE1Jf×£XZg#Î�G[DFk@J�û[HK`�Õ[LQJ$ü¾HKßTXY^[Î�XYR[J6G[XY^[g�XK×OÔfHYLÐLÐótE1LQX_E,ï$Î�DQ`&J6XYR�Î�GIJ
O ª±���#rv}~xysv��uwo,� O q1��oÊÓ]o,o,xàzMÓYsnqM��x~o8�.P@� s O q�svz�snqM�f|RQ � Î¾sv��uwo��³��uw� swz�{TS�Ï�¶e�to,�,zMx_�Z�$zMxq.S,¶�¶M¶��VUTÑ&�Y}ZxNW(�³qM�ZoXP(zMr0YK�«snq�sv��zMxW��m}Zo�svz4s O o���xKsvo�rvx_qM�(�t� O o8�Z}Z�³��xZ��z�{�*Î3=$[uU?>8[CV���t}�ÓZ�«snqMxysv�³qM���Ð`��Y��¯[o�rvo,xys#rv}~xysv��uwo,�#�8qMx�rvo,�t}~� s�� {²s O ���@���³uw� s@���@� O qMxZ��o8�[�



k�HY`&JÁ:dACABAYC9÷6á�\_^[RIdfLFHYc]J�ý�c]JM`�XYRIknÎ�g,HyÎhJMk:ÎhGIHyÎ/XY^[g/HKÕ[ÕIg�X~HYE,G�E�HKRÒßWJ&E1XY`�ÕTJ1ÎhD³ÎhDÐâZJ
Î�X4E1XZ`�`&JMghE�DQHYLTÎ�X_XYLFk�Û

Z �àÈ±Å6Ë*�nÊ��_ÌvÈ�Å��
ÜtR�Î�G[DFk=ÕIHKÕTJ�g�UIÔfJ�GIH�âZJ$c]JMkhE1ghDQßWJ�c &('*)�+�,.-0/2143658797 U²H4RIXyâYJ�LjE1XY`�ß[DQRIHyÎhDÐXZR�XK×�HK^[ó
Î�XY`aHKÎ�JMceÕ[ghXYÓZghHY`
knØ_R~Î�GIJMk�DQk�HYRIceHK^]ÎhXY`aHyÎhJMceÕ[ghXYÓYg,HK` âZJ�ghD³ÏTE�HyÎhDÐXZR�Û ÿ ^[g:DFc]JMH�DFkÎhX
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